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Abstract: The effect of Rayleigh scattering enhancement in an optical fiber on the random fiber 
laser efficiency is investigated, and the effect of different corresponding fiber loss is also studied. 
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1. Introduction 
Random fiber laser has attracted much attention for its unique properties such as cavity-free, uni-directionality, high 
intensity, modeless spectra and thermal stability, which has endowed it with vast potential in application in optical 
communication and optical sensing technologies. Other than obtaining random fiber lasing by introducing random 
scattering in an photonic crystal fiber with suspension fill [1] in the traditional way, or by writing a random Bragg 
grating in the optical fiber to form random cavities [2], Turitsyn et al. applied the natural Rayleigh scattering in the 
optical fiber as the feedback ‘cavity’, and the Raman scattering as the gain, thus explored an innovative and 
convenient way to obtain random fiber lasing [3]. Since then, researchers have exploited different methods to 
increase the efficiency and output power of the random fiber laser, by employing a mirror or FBG to form half-open 
cavity [4], by polarization maintaining fiber [5,6], by fiber length optimization [7], or by hybrid with active fiber [8].     
Although several researchers have experimentally tracked the amplification of Rayleigh scattering feedback in 
an optical fiber to improve the random fiber laser efficiency [9,10], there hasn’t been a thorough study of the effect 
of Rayleigh scattering enhancement on the random fiber laser efficiency. Recently, Kashyap et al. reported that the 
Rayleigh scattering can be enhanced by several orders of magnitude by simple UV irradiation of the optical fiber, 
while little fiber loss is introduced [11,12], so it is of great interest to investigate the Rayleigh scattering and loss 
enhancement effect on the random fiber laser efficiency, for the optimization design of the random fiber laser by the 
Rayleigh scattering and loss manipulation in the optical fiber.  
2. Theory and results  
To benefit our study, we take an example scheme with pump wavelength 1090 nm, and its corresponding 1st and 2nd 
order Stokes wavelengths are 1140 nm and 1210 nm as in reference [7]. A point reflector with reflectivity 0.6 for the 
1140 nm wavelength is placed at the pump side of the fiber to form a half-open cavity, and the other fiber end for 
random fiber laser output is angle-cleaved to avoid end reflection. Assuming the pump power is as high as 7 W, with 
all the gain and loss coefficients as presented in reference [7], and with the steady-state light propagation equations, 
we get the power evolution in the forward and backward directions along the fiber length. 
 
 
 
Fig. 1. The forward (red) and backward (blue) random laser power evolution along the fiber length. 
 
In this abstract, instead of constant Rayleigh scattering coefficients ε0,1,2 (lower indexes 0, 1, 2 corresponds to the 
pump, 1st and 2nd order Stokes wavelengths), and constant fiber loss α0,1,2, we study different cases of Rayleigh 
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scattering and fiber loss enhancement cases, and compare the different 1st order random fiber laser power at the end 
of the fiber length at 1 km.  
1) Only Rayleigh scattering enhancement, no fiber loss enhancement. Fig. 2(a) shows that the random fiber laser in 
the forward direction improves no more than 3 dB, while the random fiber laser in the backward direction can be 
improved by around 10 dB, when the Rayleigh scattering is enhanced by the factor n=20 dB (Fig. 2(b)).  
Fig. 2. The forward (a) and backward (b) laser power at 1 km fiber end’s evolution with the Rayleigh scattering enhancement factor n, when the 
loss is not enhanced. 
2) Rayleigh scattering enhancement is of the same magnitude of fiber loss enhancement. From Fig. 3, we can see 
that the Rayleigh scattering and fiber loss enhancement is detrimental to the random laser generation both in the 
forward and backward directions, in spite of a small increase of the backward laser power at the beginning of the 
Rayleigh scattering and fiber loss enhancement. 
 
Fig. 3. The forward (a) and backward (b) laser power at 1 km fiber end’s evolution with the Rayleigh scattering and loss enhancement factor n. 
3.  Conclusions and acknowledgement 
In summary, we conclude that Rayleigh scattering enhancement along the whole fiber length doesn’t contribute 
much to the increase of the random fiber laser’s power generation thus efficiency, and could be detrimental with the 
extra fiber loss introduced in the fiber. However, it is still interesting to investigate on the partial Rayleigh scattering 
enhancement in the fiber, for a full optimization of the random fiber laser model. The authors acknowledge the 
Swiss National Science Foundation (SNSF) for its financial support under number PMPDP2_164532. 
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